C HANGES in intraeranial pressure occurring at the time of impact initiate the patho-physiological changes of concussion. T h e rate of onset and the duration of the pressure pulse as well as pressure gradients established across the intracranial space relate directly to the degree of cell damage and to the degree of clinical concussion. These pressure changes m a y result from skull deformation, rotatory acceleration, or linear acceleration or deceleration forces. All of these forces exist simultaneously in the usual concussive impact. Theoretically, each type of force should be able to produce significant changes in intracranial pressure. T h e purpose of this paper is to prove the presence of a pressure gradient across the intracranial space initiated by an accelerative impact without skull deformation.
C HANGES in intraeranial pressure occurring at the time of impact initiate the patho-physiological changes of concussion. T h e rate of onset and the duration of the pressure pulse as well as pressure gradients established across the intracranial space relate directly to the degree of cell damage and to the degree of clinical concussion. These pressure changes m a y result from skull deformation, rotatory acceleration, or linear acceleration or deceleration forces. All of these forces exist simultaneously in the usual concussive impact. Theoretically, each type of force should be able to produce significant changes in intracranial pressure. T h e purpose of this paper is to prove the presence of a pressure gradient across the intracranial space initiated by an accelerative impact without skull deformation.
When acceleration is applied to a fluidfilled rigid container, a pressure gradient develops across the fluid as the result of inertia. This gradient results in a high positive pressure at the point of impact and a negative pressure at the anti-pole. 1,2,9,11 If the negative pressure reaches --1 atmosphere, cavitation will result. Gross 5 has photographically recorded such cavitation due to negative pressure in a fluid-filled glass model. Goggio 4 and Unterharnscheidt 12 have suggested t h a t contrecoup lesions m a y be due to the effects of this negative pressure.
If the container is not rigid, the pressure gradient set up by acclerative impact will result in flow. This in turn will initiate shear stresses. Gurdjian and Lissner 7 reported high concentration of shear stress in the craniospinal junction based on studies in a twodimensional model. Impact-Induced Pressure Gradients onstrated experimentally. T h e experimental data presented here demonstrate the existence of a pressure gradient across the fluidfilled h u m a n skull as measured along three orthogonal axes.
Method
The experimental model consisted of a h u m a n skull from which the soft tissue and brain had been removed. In one model, the falx and tentorium had been preserved and in a second model, these m e m b r a n e s were removed. The foramen m a g n u m was fitted with a threaded insert to permit the substitution of an elastic or a rigid closure. All other skull orifices were filled with dental acrylic. The external surface of the skull was coated with glyptol. Fluid leakage was continually replaced to prevent the formation of air pockets.
One-eighth-inch pressure pickups similar to those developed by Hodgson 8 were mounted on a brass stem. These pickups utilized senficonductor strain guages for the sensing element. The brass stem, containing five pressure pickups (Fig. l) , was attached to the skull and projected across the cranial cavity. The pressure pickups were calibrated statically and dynamically, both individually and as a unit with the stem.
A 5-foot-long four-point string suspension (Fig. ~) permitted the skull to swing freely when struck with a rotary striker. Magnetic proximity probes obtained the impact velocity. The accelerations of the skull and the striker were recorded with crystal aceelerometers.
The axes of m e a s u r e m e n t were oriented as follows (Fig. 3) . T h e posterior-anterior axis extended from the inion toward the 817 frontal bone. T h e transverse axis extended from the parietal bone to the parietal bone in the vertical plane of the foramen magnum. The vertical axis originated from the midsagittal line at the junction of the middle and posterior third and extended inferiorly through the foramen magnum. After each series of blows, the pickups were removed from the skull and recalibrated. The data were recorded on instrumentation tape recorders and played b a c k at slower speeds to expand the time base. D u e to the limitations Fla. 3. Schematic drawing of axes for measured pressure gradients.
